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Abstract

Background: The progression of biomarkers over time is considered an indicator of disease progression and helps
in the early detection of disease, thereby reducing disease-related mortality. Their ability to predict outcomes has
been evaluated using conventional cross-sectional methods. This study investigated the prognostic performance of
biomarkers over time.

Methods: Patients aged > 18 years admitted to the burn intensive care unit within 24 h of a burn incident were
enrolled. Information regarding longitudinal biomarkers, including white blood cells; platelet count; lactate,
creatinine, and total bilirubin levels; and prothrombin time (PT), were retrieved from a clinical database. Time-
dependent receiver operating characteristic curves using cumulative/dynamic and incident/dynamic (ID)
approaches were used to evaluate prognostic performance.

Results: Overall, 2259 patients were included and divided into survival and non-survival groups. By determining the
area under the curve using the ID approach, platelets showed the highest c-index [0.930 (0.919-0.941)] across all
time points. Conversely, the c-index of PT and creatinine levels were 0.862 (0.843-0.881) and 0.828 (0.809-0.848),
respectively.

Conclusions: Platelet count was the best prognostic marker, followed by PT. Total bilirubin and creatinine levels
also showed good prognostic ability. Although lactate was a strong predictor, it showed relatively poor prognostic
performance in burns patients.
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Background

Burns is one of the most devastating traumas and results
in high morbidity and mortality. Thus, predicting the ad-
verse effects of interest or mortality using updated
biomarkers that are measured routinely over time is an
essential part of care in an intensive care unit. The
progression of biomarkers over time is considered as an
indicator of disease progression and is helpful for the
early detection of disease [1]. Many biomarkers that are
measured at a single time, such as at admission or due
to a specific event [2], such as the development of acute
kidney injury (AKI) or intervention, have been used to
predict the outcomes at multiple time points of interest.
The disease state of an individual changes over time;
therefore, prognostic information, such as updated bio-
markers recorded during routine measurements, also
changes, possibly affecting the performance of decision-
making tools.

The concept of the accuracy of sensitivity and specifi-
city is fundamental to clinical research and decision
modeling. Recently, statistical methods have been
developed to generalize these traditional cross-sectional
accuracy concepts for determining the time-varying
characteristics of disease states [3]. In clinical practice,
the ability of biomarkers to predict outcomes has been
evaluated using conventional, cross-sectional methods
[4]. Therefore, in this study, we investigated the prog-
nostic potential of biomarkers routinely used in clinical
practice over time and compared whether different bio-
markers have varying prognostic accuracies at different
times during treatment.

Methods

From February 2007 to December 2018, patients aged >
18 years who were admitted at the burn intensive care
unit (BICU) of Hangang Sacred Heart Hospital, Hallym
University Medical Center within 24 h of the burn inci-
dent were included in this retrospective study; all the pa-
tients underwent acute fluid resuscitation during the
first 3 days after the burn. The indications of admission
to BICU were as follows: 1) partial or full thickness burn
of >20% of the total body surface area (TBSA) for adults
and partial or full thickness burn of >10% of the TBSA
in patients aged > 65 years, 2) inhalation injury, 3) elec-
trical burn, 4) preexisting medical disorder that could
incur complications or affect mortality, and 5) concomi-
tant trauma that could elevate the risk of morbidity or
mortality. Inhalation injuries were diagnosed by a com-
bination of history (burned in an enclosed space, uncon-
scious at scene, prolonged extrication), physical findings
such as singed facial hair, carbonaceous deposits in the
nose or mouth, and facial burns. Clinical longitudinal
data that were measured routinely and were known pre-
dictors, such as white blood cell (WBC) count, blood
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platelet count, serum lactate concentrations [5], serum
creatinine concentrations, serum total bilirubin (TB)
concentrations, and blood prothrombin time (PT), were
retrieved from a clinical database warehouse at Hangang
Sacred Heart Hospital. Serum myoglobin, serum lactate
dehydrogenase, and blood pH, which were used in
Hangang, were excluded because they were routine tests
at admission, were not measured longitudinally, and
blood pH was associated with lactate. The study period
was the stay in the BICU. When the biomarkers were
measured several times each day, the poorest daily value
was recorded. Demographic variables, such as age, sex,
TBSA (calculated by a surgeon using a modified Lund
and Browder chart) [6], type of burn, length of BICU
stay, and presence of inhalation injury [7], were also
noted. The primary outcome was death in the BICU.
The severity of injury was reported using the Abbrevi-
ated Burn Severity Index (ABSI) [8], which is a newly
developed Hangang score [9] at our center, and the
Acute Physiology and Chronic Health Evaluation Score
(APACHE) IV [10].

Burn management

All patients admitted to the BICU received initial fluid
resuscitation using the modified Parkland formula (4
mL x kg x %TBSA burned) and the amount of fluid vol-
ume was adjusted to maintain a minimum urine output
of 0.5 ml/kg/h. Enteral feeding was the first choice and
began within 48 h if there was no ileus, and this was sup-
plemented with parenteral nutrition to meet caloric
goals as measured by ESPEN guidelines for intensive
care [11]. Burn wound dressing was performed daily
with hydrofoam and topical antimicrobials. Early exci-
sion and grafting with autograft/allograft was performed
within 5 days after admission.

Statistical analyses

Baseline demographic characteristics were reported as
follows. Continuous variables with normal distribution
are presented as mean + standard deviation (SD) values
and variables with non-normal distribution are pre-
sented as medians (25th interquartile range [IQR]-75th
IQR). Depending on data normality, the independent
test or Wilcoxon signed-rank test was used to determine
differences between the two groups. Categorical vari-
ables were analyzed using the Chi-square test and are
presented as percentages. We used two methods of
time-dependent receiver operating characteristic (ROC)
curves to evaluate the prognostic performance using
fixed baseline biomarkers measured at admission and
updated the biomarkers measured routinely during the
study period. We calculated the incident/dynamic (ID)
ROC using a non-parametric rank-based approach and
allocated subjects with an event at time into the positive
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group and those who experienced an event thereafter into
the negative group [12]. The cumulative/dynamic (CD)
ROC curve was developed by allocating subjects who expe-
rienced the event before the fixed point (at the end of each
week) of time into the positive group and eventless subject
during time into the negative group [13]. The data for CD
ROC were subsetted to analyze the diagnostic performance
every week from week 1 to 8. The difference in CD and ID
approaches has been elucidated by Kamarudin et al. [2].
Confidence intervals (Cls) were calculated using 500-time
bootstrap resampling, and percentile-based confidence in-
tervals were obtained. Two side p-value < 0.05 was consid-
ered statistically significant. All analyses were conducted by
using computing statistical R-project program version 3.6.

Results

Baseline characteristics of the survivors and non-survivors
In total, 2259 patients were included in this retrospective
study; among them, 1786 patients were allocated to the
survival group and 473 to the non-survival group; the
overall mortality was 20.9%. The overall median age was
48.0 years and was higher in the non-survival group than
in the survival group (52.0 vs. 46.0 years). The overall

Table 1 Baseline characteristics between the two groups
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median burn TBSA was 24.0% and was significantly
higher in the non-survival group (65.0%). Inhalation was
significantly higher in the non-survival group (78.2%).
The median APACHE IV, Hangang, and ABSI were 29,
39, and 5 points higher, respectively, in the non-survival
group. All baseline laboratory results included in this
study were collected at admission and were significantly
different between the two groups (Table 1).

Diagnostic performance of baseline and updated
biomarkers over time using the ID approach

ID ROC curve are particularly well suited for assessing the
performance of markers measured at a series of time
points during decision-making [4]. First, the area under
the curve (AUC) using baseline biomarkers (Add-
itional file 1), and the c-index, which shows the overall
performance of different biomarkers, was highest for lac-
tate [0.662 (95% CI, 0.614—0.673)]. However, the AUC
value of lactate ranged from 0.786 (0.760 ~ 0.812) in the
1st week to 0.574 (0.509-0.639) in the 8th week, showing
a decreasing trend. The AUC value for platelet count,
which had a lower c-index [0.576 (0.546—-0.605)], ranged
from 0.576 (0.535-0.617) in the 1st week to 0.711 (0.643—

Variables Survivors(n = 1786) Non-survivors(n =473) Total(n =2259) p-value
Age 46.0 [37.0,55.0] 52.0 [43.0,65.0] 48.0 [38.0;56.5] <0.001
Sex 0495
Male 1469 (82.3%) 382 (80.8%) 1851 (81.9%)
TBSA 24.0 [14.0,37.0] 65.0 [42.0;85.0] 29.0 [17.0;48.0] <0.001
Type <0.001
FB 1228 (68.8%) 421 (89.0%) 1649 (73.0%)
EB 318 (17.8%) 9 (1.9%) 327 (14.5%)
SB 156 (8.7%) 30 (6.3%) 186 (8.2%)
CoB 50 (2.8%) 10 (2.1%) 60 (2.7%)
ChB 34 (1.9%) 3 (0.6%) 37 (1.6%)
Inhalation 812 (45.5%) 370 (78.2%) 1182 (52.3%) <0.001
APACHE IV 33.0 [24.0;45.0] 62.0 [49.0;,76.0] 380 [26.0,53.0] <0.001
Hangang 1220 [113.0;132.0] 161.0 [149.0;177.0] 127.0 [115.0;144.0] <0.001
ABSI 7.0 [6.0; 9.0] 12.0 [10.0;14.0] 8.0 [6.0;,10.0] <0.001
LOS 15.0 [6.0;35.0] 120 [7.0,22.0] 14.0 [6.0;32.0] 0.001
Laboratory
WBC(x 10°/ul) 173 [13.0,22.7] 29.2 [20.6;37.4] 18.7 [13.7;26.0] <0.001
Platelet(x 10°/uL) 230.5 [186.0;280.0] 193.0 [134.5,269.0] 2250 [175.0,279.0] <0.001
Creatinie (mg/dL) 0.8 [0.6; 0.9] 1.0 [08; 14] 08107, 1.0] <0.001
Lactate (mmol/L) 26 [1.7;40] 56139 79] 30[1.9; 5.0] <0.001
TB (mg/dL) 0.8 [0.5 1.1] 1.1 [08;1.7] 0.8[06;1.2] <0.001
PT (sec) 11.8 [109,12.9] 13.1 [11.8;14.9] 120 [11.0,13.3] <0.001

n number, FB Flame Burn, SB Scald Burn, EB Electrical Burn, ChB Chemical Burn, CoB Contact Burn, %TBSA burned percentage of total body surface area burned,

APACHE Acute Physiology and Chronic Health Evaluation Score, ABSI Abbreviated Burn Severity Index, LOS length of hospital stay, TB total bilirubin, PT

prothrombin time, WBC white blood cell
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Fig. 1 Diagnostic performance of the baseline and updated biomarkers over time using the ID approach. Error bar is 95%d confidence interval

0.779) in the 8th week, and thus showed an increasing
trend. For the updated biomarkers (Additional file 2),
platelet count had the highest c-index [0.930 (0.919—
0.941)] across all time points. PT and creatinine concen-
tration showed over 8 c-index [0.862 (0.843-0.881) and
0.828 (0.809-0.848), respectively] (Fig. 1).

Diagnostic performance of baseline and updated
biomarkers over time using the CD approach

CD ROC curves are suitable tools for assessing prognos-
tic accuracy when identifying individuals at risk of event
before the time of interest [4]. First, in terms of AUC
using baseline biomarkers (Additional file 3), the AUC
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Fig. 2 Diagnostic performance of the baseline and updated biomarkers over time by the CD approach. Error bar is 95%d confidence interval
calculated using the bootstrap method
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values for platelet count ranged from 0.562 (0.504-0.62)
in the 1st week to 0.888 (0.829-0.946) in the 8th week,
showing an increasing trend. Lactate ranged from 0.756
(0.714—0.798) in the 1st week to 0.550 (0.356-0.743) in
the 8th week, showing a decreasing trend. For the up-
dated biomarkers (Additional file 4), platelet count
showed the highest AUC value of 0.871 (0.841-0.900) in
the 1st week and 0.999 (0.997-1.000) in the 8th week.
Lactate showed the highest AUC value of 0.999 (0.998-
1.000) in the 7th week, whereas PT showed a value of
over 7, except at week 6 (0.566, 95% CI 245-0.887)
(Fig. 2). The boxplots of all biomarkers over 8 weeks are
shown in Fig. 3, and the number of patients calculated
for each of the 8 weeks is presented in Table 2.

Discussions

In the present study, we evaluated the time-varying diag-
nostic performance of biomarkers measured at admis-
sion and updated the biomarkers at several time points
in routine clinical settings. If accurate predictions are
made, they could suggest clinical recommendations for
the selection and timing of interventions and help
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initiate specific preventive strategies and aggressive
treatment for high-risk individuals. These approaches
could reduce costs, adverse effects, and unnecessary in-
terventions in low-risk patients. Ultimately, the goal of
the prognostic model using biomarkers is to accurately
predict the time of the event or to distinguish cases and
controls in a variety of situations.

The performance of the updated biomarkers by the ID
approach was higher than that of the baseline bio-
markers in all situations, with the exception of the 1st
week (0.713 vs. 0.653) for WBC (Additional files 1 and
2). The performance of the updated biomarkers by the
CD approach was higher than that of the baseline bio-
marker in most parameters, except for lactate in the 1st
week (0.756 vs. 0.699), WBC in the 1st (0.689 vs. 0.572)
and 2nd (0.679 vs. 0.615) week, TB in the 1st (0.617 vs.
0.595) and 6th (0.483 vs. 0.438) week, and creatinine in
the 6th week (0.540 vs. 0.288) (Additional files 3 and 4).
From the results, we identified that patient biomarkers
must be regularly updated to maintain prognostic accur-
acy because good prognostic markers effectively suggest
the choice and timing of therapeutic interventions,
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Table 2 The number of patients calculated for each of the eight weeks

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Non-Survivors 126 158 69 30 15 12 14
Survivors 2133 1384 1014 591 449 322 235

allowing timely action for individuals with the greatest
risk of complications.

The updated platelet biomarker had the highest c-
index of 0.930 (95% CI, 0.919-0.941), which main-
tained the AUC ID over 0.930 over time, indicating
that it is a strong prognostic biomarker for practical
use. Moreover, we used AUC CD over a period of 1
week to actually evaluate the use of updated bio-
markers as a decision tool. We found that the AUC
CD of platelet was consistently higher than 0.870
across all selected time points except at weeks 4 and
6. This indicates that platelet count identifies high-
risk patients at a high-risk of mortality. Cate et al
[14] reported that platelet count is a strong predictor
of mortality and reported an AUC of 0.779 (95% CI
0.697-0.862), which was calculated by the value mea-
sured on the third day after admission. Huang et al.
[15] reported that platelets could be a biomarker of
mortality, with an AUC value of 0.782. However,
baseline platelet count showed a lower AUC than
other biomarkers during earlier times. Lactate has
been used as a predictor of cellular hypoxia and
shock, with an AUC value of 0.82, indicating high
prognostic performance [16]. Adding lactate to the se-
verity scores predicts mortality better in critically ill
patients [17]. In our study, lactate showed a relatively
lower c-index (0.786) than platelets, PT, and creatin-
ine. This could be because lactate further reflects the
severity of burn than that of mortality. Creatinine is
also a better risk factor of AKI rather than that of
mortality [18]. However, creatinine showed high dis-
crimination, with a c-index of 0.828. This is probably
because AKI is one of the most common complica-
tions in burn patients. PT also showed high discrim-
ination, with a c-index of 0.862, and has been
reported to be a predictor in many diseases, such as
liver disease, cardiac disease, and trauma [19-21]. PT
is reported as an early predictor of hepatic dysfunc-
tions [22]. However, it was a good predictor through-
out the study period.

Many baseline biomarkers have been suggested and
used to predict the outcome in critically ill and burn
patients at certain time points, such as at the time
of admission. These biomarkers provide the status of
the patients at a specific time. However, longitudinal
biomarkers can provide more useful and varied in-
formation because repeated measurements of

biomarkers over time offer physicians insights into
the individual and the overall trajectory. The
distribution of biomarkers over time could signal
disease initiation and aid in the earlier detection of
disease and in reducing mortality from disease.
Therefore, although baseline biomarkers at specific
time points can accurately predict the outcome, phy-
sicians also need clues as to the patient’s status
using longitudinally updated biomarkers to make ac-
curate prognoses.

This study has some limitations. First, it was not
multicenter study; thus, our population does not rep-
resent the entire population of Korea. However, our
center is the only unit run by the University of Korea.
Second, we set an arbitrary window period of 1 week
for the CD approach to compare the biomarkers;
thus, we cannot conclude how often the biomarkers
should be updated. The results should be interpreted
with caution because the subgroups during the study
period may include patients with different physio-
logical conditions, and the causes of death may also
be different. The causes of death in the early stages
are usually associated with burn shock, acute respira-
tory failure, and AKI induced by the burn itself. The
later causes are associated with complications as a re-
sult of burn care and include AKI and acute respira-
tory failure induced by sepsis. Therefore, the
prognostic performance of the biomarkers reflecting
these changes might vary over time, and the ID or
CD approach at a specific time of interest may be
more appropriate.

Conclusions

For accurate predictions, biomarkers should be up-
dated regularly. Platelet count showed the best
prognostic performance, followed by PT. Creatinine
concentration and TB could be prognostic factors
for certain diseases, and their prognostic perform-
ance was good at specific time points. The overall
prognostic performance of the biomarkers was good
in burn patients; however, the pattern of creatinine
concentrations, which were weak later, and of TB
concentrations, which were weak earlier, is opposite.
Lactate is known as a strong predictor, but it
showed a relatively low prognostic performance in
burn patients.
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